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By growing VERO cells infected with 5 PFU/cell of influenza virus B/Lee/40, a latently infected culture was readily
established (L/V cells). The cells continued to multiply stably, excreting a small amount of virus in the beginning, which
sharply declined according to cell division to undetectable level by day 9. However, nucleotide sequences for all the 8
genes of B/Lee/40 as well as their mRNAs were amplified from L/V cells on day 50 or later by RT-PCR. Moreover, from
the 95-day-old L/V cells, a persisting NP gene of B/Lee/40 was rescued into infectious virus particles upon superinfection
with homotypic influenza virus B/Yamagata/1/73. q 1997 Academic Press
INTRODUCTION and Homma, 1981), and it was of interest to examine
if persistent infection could be established much more
Since influenza virus is highly cytopathic to susceptible
efficiently in a combination of VERO cells and influenza
host cells in culture, it is quite unusual that the cells
B virus.
survive the influenza virus infection, and continue to grow
In the current communication, we will show that thestably upon subsequent cultivation, carrying viral ge-
genes of influenza virus B/Lee/40 actually persisted innomes. Two major mechanisms, namely apoptosis and
growing VERO cells for a long time after acute infectionnecrosis, are proposed to be responsible for cell death
and after the clearance of infectious virus had occurred.(Takeuchi et al., 1993; Hinshaw et al., 1994). Even in
In addition, we will also show that persisting viral genesvivo, clearance of infectious virus and viral RNA occurred
could be rescued into infectious virus particles upon su-concurrently after influenza virus infection (Wang and
perinfection with a homotypic virus.Webster, 1990), and no evidence has so far been ob-
tained for persistence of viral genetic informations in the
organs of the infected animals.
MATERIALS AND METHODSOn the other hand, it is also true that persistent infec-
tion with influenza viruses in vitro has been reported by
The cells, viruses, and antiseraseveral investigators (Gavrilov et al., 1972; De and Nayak,
1980; Frielle et al., 1984; Cane et al., 1987; Goshima and
MDCK and VERO cells were grown with Eagle’s mini-Maeno, 1988; Cane and Dimmock, 1990; Marshall et al.,
mum essential medium (MEM) supplemented with 10%1993). We have also shown that, if the host cells hap-
fetal calf serum (MEM / 10% FCS) and maintained withpened to be exempt from lysis by influenza virus infec-
MEM supplemented with 0.2% bovine serum albumintion, they continue to grow stably, carrying the genes of
(MEM / BSA). For the growth of VERO cells infectedthe infected virus for a considerably long time (Urabe et
with influenza virus, MEM / 50% FCS was used (Tobitaal., 1992, 1993). In addition, because the copy number of
et al., 1997).the persisting viral genes contained per a cell did not
Influenza viruses B/Lee/40 and B/Yamagata/1/73 werealter significantly according to cell division, we postu-
employed in the present study. Viruses were plaque-lated that they might be self-amplified during their persis-
purified and propagated in MDCK cells for workingtence (Urabe et al., 1994). These results clearly indicate
seeds.that genetic functions of the host cells and that of influ-
enza virus can coexist, and both are not always mutually Infectivity of the virus was determined by plaque assay
exclusive. in MDCK cells as have been described previously (Tobita
Influenza B viruses grow only poorly in VERO cells et al., 1975).
accompanied by a weak cytopathic effect (CPE) despite Antisera to B/Lee/40 and B/Yamagata/1/73 (anti-Lee
full expression of viral proteins except M1 (Nakamura and anti-Yamagata, respectively) were prepared in rab-
bits by three intravenous injections, at weekly intervals,
with egg-grown virus purified by sucrose density gradient1 To whom correspondence and reprint requests should be ad-
dressed. Fax: /81-285-44-4981. E-mail: tobikiyo@jichiac.jp. centrifugation.
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Polyacrylamide gel electrophoresis (PAGE) of viral 31 and 32, 41 and 42, 51 and 52, 61 and 62, 71 and 72,
or 81 and 82, which were synthesized with reference toproteins
the nucleotide sequence of the gene of B/Lee/40 (Table
MDCK or VERO cells were infected with 9 PFU/cell of 2) by 25 cycles of DNA polymerase reactions, which was
a virus. At various times postinfection (p.i.), the cells were performed according to the protocol described before
washed twice with phosphate-buffered saline (PBS) and (Urabe et al., 1993) on a DNA Thermal Cycler (Perkin–
methionine-free MEM supplemented with 80 mCi/ml of Elmer–Cetus, Norwalk, CT). The PCR products were
[35S]methionine (DuPont/NEN, Boston, MA) was added subjected to 25 cycles of a nested PCR employing prim-
for 30 min at 347. The cells were then washed five times ers 13 and 14, 23 and 24, 33 and 34, 43 and 44, 53 and
with ice-cold PBS, lysed in a sample lysing buffer, soni- 54, 63 and 64, 73 and 74, or 83 and 84 (Table 2). The
cated, boiled for 2 min, and electrophoresed on a 13% products were visualized with Epi-Light UV (FA1100, Ais-
polyacrylamide gel at 85 V (constant voltage) for 17 hr hin Cosmos Institute, Aichi, Japan).
at 167. After electrophoresis, the gel was dried and an
Sequencing of the NP geneautoradiogram was prepared.
DNA amplified by PCR was extracted from the agarose
Immunoblotting gel using a gel extraction kit (QIATEX II, Qiagen, Hilden,
Germany), which was then cloned in a pCR-ScriptWestern blotting of viral proteins was performed using
DirectSK(/) Directional Cloning kit (Stratage, La Jolla,a Mini-Transblott System (Bio-Rad, Mercules, CO). Virus-
CA). Nucleotide sequence was determined by dye-termi-infected MDCK cell lysates were electrophoresed on a
nator method as described before (Urabe et al., 1993)10–20% gradient polyacrylamide mini-slab gel for 2 hr at
on an Automated DNA Sequencer (Model 373A, Applied100 V (constant voltage). Separated proteins were trans-
Biosystems, Forster City, CA).ferred to a nitrocellulose membrane (Hybond ECL, Amer-
sham, Buckinghamshire, England) for 2 hr at 100 V in a RESULTS
Tris–glycine buffer supplemented with 20% methanol.
Growth of influenza virus B/Lee/40 in VERO cells
The membrane was then overlaid with 1:250 dilution of
A confluent MDCK or VERO cell monolayer was in-anti-Lee or anti-Yamagata for 1 hr at room temparature,
fected with 9 PFU/cell of influenza virus B/Lee/40. At 2.5followed by an antiserum to rabbit gamma-globulin con-
hr postinfection (p.i.), the cultures were treated with anjugated with horse radish peroxidase (Kirkegaard & Perry
anti-Lee for 20 min at 347 to neutralize unpenetrated vi-Lab., MD) for 1 hr. The signals were detected by adding
rus. The virus was grown with MEM / BSA containinga substrate hydrogen peroxide.
4 (MDCK) or 0.5 (VERO) mg/ml of acetylated trypsin
(Sigma, St. Louis, MO) for 18 (MDCK) or 20 (VERO) hr atReverse transcription and polymerase chain reaction
347 and infectivity of the yield was determined by plaque(RT-PCR)
assay in MDCK cells. The virus grew productively in
RNA was extracted from the cells according to the MDCK cells but its growth was significantly restricted in
established procedure (Chomczynski and Scchi, 1987) VERO cells, accompanied by a weak cytopathic effect
and reverse-transcribed to cDNA with primer 5*-AGC- (CPE) (Table 1). However, all of the VERO cells infected
AGAAGC-3*, which was common to the complementary with B/Lee/40 were eventually destroyed within 72 hr
sequence of the 3*-end of influenza B virus genes (Des- (data not shown).
selberger et al., 1980). With mRNA, dT-Adaptor Primer
Viral proteins expressed in acutely infected VERO(Takara, Kyoto, Japan), consisting of M13 primer M4
cellsflanked to oligo-dT, was employed for reverse transcrip-
tion. B/Lee/40-specific sequences were amplified from PAGE analysis of the cells infected with 9 PFU/cell
of B/Lee/40 and labeled with [35S]methionine showedthe resulting cDNAs using primers 11 and 12, 21 and 22,
TABLE 1
Growth of Influenza Virus B/LEE/40 in MDCK and Vero Cellsa
virus yield
Input m.o.i. Incubation time
Cells (PFU/cell) (hr) CPE at virus harvest PFU/ml PFU/cell
MDCK 9 18 4/ 1.8 1 109 900
VERO 9 20 1/ 1.1 1 107 9
a A confluent monolayer of MDCK or VERO cells was infected with 9 PFU/cell of influenza virus B/Lee/40 for 18 or 20 hr at 347. Infectivity of the
yield was determined by plaque assay in MDCK cells.
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TABLE 2
The Primers Employed to Amplify the Genes of B/LEE/40 by PCRa
Sequences
Primer Expected molecular sizeb
Gene No. 5* 3 * of the nested PCR product Reference
PB2c 11 (181)TGTGTTCTAATTTTCCCTTGGCTCT(205) DeBorde et al., 1988
12 (789)ATTCAGTTAGTTTATTCCCYCCTGG(765)
13 (277)ACATAGGAACCAAAGGCCAAATGTG(301) 243
14 (519)TTATCACATTGCTCGCTTCATCTGG(495)
PB1 21 (86)TTTCAACAACATTCCCATACAC(107) Kemgirim et al., 1986
22 (959)CATTTAGTATTGTCTCCTGTCA(938)
23 (128)ATGGAACGGGAACAGGCTACACAA(151) 746
24 (873)GGCCTTTTCGTTTCCACCTAC(849)
PA 31 (90)ATGGCAGAATTTAGTGAAGATCCTG(114) DeBorde et al., 1987
32 (824)TATTGGTCTTAGGTCGTCCCATTTT(800)
33 (131)GCTATTCAACATCTGCGTCCATCTG(155) 413
34 (544)CTTAGCACTCTCCCTTTTCCTTCCT(520)
HA 41 (97)ATAACATCGTCAAACTCACCT(117) Krystal et al., 1983
42 (676)TTTGGGTTTTGTCATCAGAGT(656)
43 (167)TACCACTAACAACAACACCTAC(188) 476
44 (642)AGTAATTTGGTCTTCCCCTTCT(621)
NP 51 (11)CAGCATTTTCTTGTGAGCTT(30) Briedis and Tobin, 1984
52 (1721)TAATCCTCTGCTGTGTCCCTCC(1700)
53 (695)AGGGACTGAAAGCGTTGGACT(716) 418
54 (1134)GGCTTCAIACCCAACCATAGAG(1113)
NA 61 (363)GGAGAGATCAAAGGAAACTCAGCTC(387) Shaw et al., 1982
62 (891)CTATGGTTTTATTGCTGGCGAACCC(867)
63 (486)GGAACAAGAAAGGAGAGAAACAAGC(510) 244
64 (729)CTTGTGTTCTTAGGATGTTGTGTGC(705)
M 71 (74)ATGGAGAAGGCAAAGCACAACTAG(97) Briedis et al., 1982
72 (929)CACCTCTCTGTTTATTGCCTCCTT(906)
73 (153)GGAATGGATAAAAAACAAAAGGTGCC(178) 579
74 (731)CTCTGTTTTAGCACTTCCATTACATC(706)
NS 81 (48)GGACAACATGACCACAACACA(68) Briedis and Lamb, 1982
82 (793)GTCCTTCATCAAAACGCTCGA(773)
83 (177)AGACCGCCTACACAGACTAAAACG(200) 466
84 (642)GTCTCCATTAGGGTGCTTGAGGAA(619)
a The primers were synthesized on an automated DNA synthesizer with reference to the nucleotide sequences of the genes of influenza virus
B/Lee/40 published already. Figures in the parentheses indicate nucleotide number in the respective genes in plus sense.
b Number of the base pairs (bps).
c PB2 gene of B/Ann Arbor/1/66 was employed.
that, at 6 hr p.i., all the viral proteins were synthesized cells were then washed four times with PBS and grown
in a comparable amount of MDCK and VERO cells (Fig. with MEM / 50% FCS at 347. On every other day, the
1), except M1, which was undetectable in VERO cells, culture was checked for infectivity by plaque assay in
confirming the earlier observation (Nakamura and MDCK cells. The cells were then washed four times with
Homma, 1981). However, M1 became clearly visible in PBS, and cultivation was continued with fresh MEM /
VERO cells when labeled at 20 hr p.i. (Fig. 1, closed 50% FCS at 347
circle). Although a moderate degree of cell destruction was
noticed during the first 72 hr by viral CPE, the remaining
Growth of VERO cells infected with B/Lee/40 cells multiplied steadily, excreting a small amount of vi-
rus in the beginning, which sharply declined as the cellsVERO cells, 1 1 106 in number, grown to a semicon-
grew (Fig. 2). The cells became non-virus-producing onfluent monolayer in a 25-cm2 tissue culture flask (Coster,
day 9 (Fig. 2). None of the 2 1 105 cells at this stageCambridge, MA), were infected with 5 PFU/cell of B/Lee/
40 and incubated with MEM / BSA for 2 hr at 347. The became an infective center when inoculated into MDCK
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FIG. 3. Amplification of sequences specific to the genes (A) of influ-
enza virus B/Lee/40 and their mRNAs (B) from L/V cells by RT-PCR,
using primer pairs shown in Table 2. Nested PCR products are shown.
Relevant bands are indicated with closed triangles. Figures indicate
molecular size of the marker.FIG. 1. Proteins synthesized by influenza virus B/Lee/40 in MDCK
and VERO cells. MDCK or VERO cells were infected with 9 PFU/cell
of the virus or mock infected At 5.5 or 20 hr p.i., the cells were labeled
with [35S]methionine for 30 min. M1 protein was not clear in VERO cells
carry over of the virus from the precedent culture. Anti-when labeled at 5.5 hr p.i., but was clear when labeled at 20 hr p.i.,
Lee never affected the growth of L/V cells.which is marked with a closed circle.
cell monolayers. Viral proteins were also undetectable Detection of viral mRNA and vRNA in L/V cells
in these cells by RIPA (data not shown).
The cells, designated L/V, were subcultured whenever Total RNA was extracted from S-line of L/V cells on
they formed a confluent monolayer. After day 9, an aliquot day 50 p.i. and from VERO cells acutely infected with
of the cells was grown in the continuous presence of an influenza virus B/Lee/40 for 10 hr. Although L/V cells had
anti-Lee/40 (S-line of L/V cells), to exclude the possible been non-virus-producing for more than 40 days, all eight
genes of B/Lee/40 and their mRNAs were amplified from
the cells by RT- PCR (Fig. 3, closed triangles), as well as
from VERO cells acutely infected with the virus (data not
shown).
Growth of influenza virus B/Yamagata/1/73 in VERO
and L/V cells
Confluent monolayers of VERO or 95-day-old S-line of
L/V cells were washed five times with PBS and infected
with 9 PFU/cell of influenza virus B/Yamagata/1/73. After
2.5 hr at 347 the cells were treated with anti-Yamagata
for 20 min at 347 to neutralize unpenetrated virus. Virus
was grown at 347, and infectivity of the 20-hr yield was
determined by plaque assay in MDCK cells.
Growth of Yamagata in VERO cells was not productive,
and the amount produced was 0.01 PFU/cell (Table 3).
FIG. 2. Growth of VERO cells which survived infection with influenza Unexpectedly, infectivity titer of the virus grown in L/
virus B/Lee/40, and virus shedding from them. VERO cells infected with V cells was four times greater than that grown in VERO
5 PFU/cell of the virus were grown with MEM / 50% FCS at 347. On
cells (Table 3). Growth enhancement was also observedevery other day, cell number was checked and culture medium was
with homologous B/Lee/40 as well as heterotypic A/WSNassayed for infectivity. The cells were then washed 5 times with PBS,
and incubation was continued with fresh MEM / 50% FCS at 347. (data not shown).
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TABLE 3
Growth of Influenza Virus B/Yamagata in Vero and L/V Cellsa
20-hr yield
Input m.o.i.
Cells (PFU/cell) CPE at virus harvest HAU PFU/ml PFU/cell
VERO 9 — 128 1.2 1 104 0.01
L/V 9 — 256 4.8 1 104 0.04
a Confluent VERO or L/V cell monolayer was infected with 9 PFU/cell of influenza virus B/Yamagata/1/73, and the virus was grown for 20 hr at
347. Infectivity of the resulting yield was determined by plaque assay in MDCK cells and hemagglutinating activity using 0.5% chick red blood cells.
A rescue of the persisting NP gene of B/Lee/40 by Consequently, it was concluded that the NP gene of Y4
was of Lee in genotype. The sequences of the NP genessuperinfection with a homotypic virus
of the rest of the clones coincided with that of Yamagata
To demonstrate rescue of the persisting genes, we (data not shown).
infected L/V cells with homotypic influenza virus B/Yama-
gata and looked for those virus clones that contained DISCUSSION
the genes of B/Lee among the progeny. We selected
virus clones, V/L-Y2 to Y4, on the basis of plaque type Influenza virus B/Lee/40 grows only poorly in VERO
cells accompanied by a weak CPE (Table 1). Time courseand characteristics in CPE. Reflecting close relationships
between Lee and Yamagata, immunoblotting failed to of viral protein synthesis suggested that a defect lied in
the process of virus maturation and not in adsorptionidentify the serotypes of the viral proteins of Y2 to Y4 ,
but electrophoretic patterns as well as the intensity of nor subsequent steps of macromolecular synthesis. The
infected cells were eventually destroyed completelythe stain of the band suggested that the NP gene of clone
Y-4 might be that of Lee (data not shown). Therefore, we within 72 hr p.i., producing 7 PFU/cell of the virus.
By contrast, when VERO cells were infected with 5extracted the NP genes from MDCK cells infected with
B/Lee, B/Yamagata, or L/V-Y4, reverse-transcribed to PFU/cell of B/Lee/40 and incubated with MEM / 50%
FCS instead of MEM / 0.2% BSA, most of the infectedcDNA, cloned in Escherichia coli, strain SK/, and deter-
mined their nucleotide sequences. cells were exempt from lysis by viral CPE and contiunued
to grow stably (L/V cells). The growing L/V cells initiallyOverall, the sequence was well conserved between
Lee and Yamagata. Therefore, comparison was made excreted virus, the amount of which decreased rapidly
according to their division, and they ceased to producein two independent regions chosen arbitrarily, namely
nucleotide number from 741 to 790 and from 851 to 880 virus after day 9 (Fig. 2), which was also confirmed by
infective center assay. Virus was not inducible from the(in plus sense). The sequences of these regions of Lee
completely agreed with those of the published data cells by changing medium from MEM / 50% FCS to
MEM / BSA ( data not shown). However, nucleotide(Briedis and Tobin, 1984). Only 4 and 3 base changes
were recognized in these regions, respectively, between sequences for all the eight genes of B/Lee/40 and their
messengers could be amplified by PCR from the cellsLee and Yamagata. However, all the bases of Y4 at these
positions completely agreed with those of Lee (Fig. 4). on day 50 p.i. Presumably, viral genes continued to be
FIG. 4. Comparison of the nucleotide sequences of the NP gene of influenza virus B/Lee/40 (Lee), B/Yamagata/1/73 (Yam.), and clone L/V-Y4
(Y4). RNA was extracted from MDCK cells infected with the viruses and reverse-transcribed to cDNA, which was amplified by PCR using primers
51 and 52, and then with 53 and 54 shown in Table 2, which were specific to the NP gene of influenza B virus. Nested PCR product was cloned
in a plasmid pCR-Script SK/, and nucleotide sequences were determined on an automated DNA sequencer by dye terminator method.
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